Simulation details.
Protein systems studied in this work are summarized in Table S1 . Results from the first 100 ns of the simulations were presented previously. 1 MD simulations were performed in the NPT ensemble at 300 K and 1 atm using NAMD.
2 Periodic boundary conditions were applied and Lennard-Jones interactions were truncated at 12 Å with a smoothing function (force switch smoothing for the CHARMM36 simulations and switch smoothing for the Drude) from 10 to 12 Å. The nonbonded interaction lists were generated with a distance cutoff of 16 Å and updated heuristically. Electrostatic interactions were calculated using the particle mesh Ewald method 3 with a real space cutoff of 12 Å on an approximately 1 Å grid with a sixth-order spline. All covalent bonds involving hydrogen as well as the intramolecular geometries of water were constrained using SETTLE. The integration time step equals 1 fs for the Drude and 2 fs for the CHARMM36 simulations, and coordinates were saved every 0.1 ns. The optical dielectric constant, ε inf ,is computed with
, where <A> is the average molecular polarizability and = 5/3 ! where R g is the radius of gyration. The static dielectric constant for the entire protein, ε p , is given by
, where Δ ! ! is the square of average protein dipole moment fluctuation and ε w is the dielectric constant of water. To compute dielectric constant for the protein interior, ε in , the protein is modeled as a sphere with dielectric constant ε in and radius r in , and an outer spherical shell with dielectric constant ε out , which is related by: Figure S4 . Trace of the molecular polarizability tensors from the 1 µs Drude simulations for ubiquitin and CspA. 
